In this study, a novel method for the preconcentration of Al(III), Cu(II), Co(II), Pb(II), Mn(II), and Fe(III) in the form of their hematoxylin chelates using a column filled with Amberlite XAD-16 resin was proposed. Metal chelates collected on the resin were eluted and their determinations were carried out by flame atomic absorption spectrometry (FAAS). The influences of some analytical parameters including pH, flow rate, sample volume, and the type and concentration of eluent on the preconcentration efficiency were examined. The effects of some interfering ions on the recovery values of analytes were also investigated. While the optimum pH value was 8.5 for Cu(II), Co(II), Mn(II), and Fe(III) ions, it was 6.5 for Al(III) and Pb(II) ions. The appropriate eluent for quantitative elution was 8.0 mL of 1 mol/L nitric acid in acetone. Sample and eluent flow rates were found to be 2.0 mL/min. The maximum sample volume was established by changing it from 50 mL to 2500 mL. The sample volume does not significantly affect recovery within the range of 50-2000 mL of the sample volume for the investigated metal ions. The obtained preconcentration factor was 400. At optimum conditions, the detection limits found as concentration which is threefold of the standard deviation of the blank solution were 0.053 µg/L, 0.080 µg/L, 0.620 µg/L, 1.310 µg/L, 0.330 µg/L and 0.120 µg/L for Al(III), Cu(II), Co(II), Pb(II), Mn(II), and Fe(III) ions, respectively, and the adsorption capacities for these ions were 0.47 ± 0.02 mg/g, 0.81 ± 0.01 mg/g, 0.66 ± 0.01 mg/g, 0.58 ± 0.01 mg/g, 0.91 ± 0.01 mg/g, and 0.73 ± 0.02 mg/g, respectively. By using the certified reference materials, the accuracy of the method was verified. The proposed method was successfully applied to cigarette, hair, and some vegetable species.
INTRODUCTION
Heavy metal pollution is a major issue in all around the world. It occurs by means of air, water, soil, and food as a carrier of heavy metals. Particularly, heavy metals can easily enter and accumulate in living organisms through food chain and they have threatened human health. Therefore, the monitoring of the level of trace metals in food and environmental samples is an important task. Some analytical methods such as flame atomic absorption spectrometry (FAAS), electrothermal atomic absorption spectrometry (ETAAS), inductively couple plasma optical emission spectrometry (ICP-OES), and inductively couple plasma mass spectroscopy (ICP-MS) are employed for fast, accurate, and repeatable analysis of heavy metals in various samples [1, 2] . FAAS is widely used due to its good precision, selectivity, low cost, and simplicity. However the direct analysis of heavy metals in complex matrices by FAAS is a challenging matter owing to low concentration of trace metals and matrix effects. Hence, separation/preconcentration techniques such as solid phase extraction (SPE), solvent extraction, ion extraction, cloud point extraction and co-precipitation prior to instrumental measurements are an important requirement in order to achieve accurate and reliable results [3] . Among them, SPE is extensively used due to its simplicity, high preconcentration factor, short extraction time, low consumption of organic solvents, and low cost [4] . Amberlite XAD resins, silica gel, activated carbon, nanomaterials, biological microorganisms, chelating polymers are the most widely employed adsorbents for SPE procedure [5] [6] [7] [8] [9] [10] [11] .
In particular, Amberlite XAD resins which have satisfied physical properties including porosity, high surface area, and uniform pore size distribution have been widely used as supports for preconcentration of metal chelates. Amberlite XAD-16 is a hydrophobic polyaromatic resin (polystyrene-divinyl benzene copolymer) with a higher surface area (800 m 2 /g) and sorption capacity; and has been utilized for separation and preconcentration of many metal ions in different matrices with or without derivatization by various ligands [12] .
Hematoxylin is a phenolic chromogenic reagent for the spectrophotometric analysis of some certain metal ions such as Fe(III) and Al(III) [13] . When oxidized, it transforms to haematein which forms strongly colored complexes with some transition metal ions [14] . However, hematoxylin has not yet been used in separation and preconcentration of trace heavy metal ions prior to their determination by FAAS.
In this study, a new preconcentration method has been proposed for FAAS determination of Al(III), Cu(II), Co(II), Pb(II), Mn(II), and Fe(III) on Amberlite XAD-16 as hematoxylin chelates. The effects of some analytical parameters including pH, flow rate, sample volume, and the type and concentration of eluent on the preconcentration efficiency were examined.
The optimized method was applied for the determination of target metal ions in various real samples including potato, tomato, hair and cigarette.
MATERIALS and METHODS

Instruments
A Perkin Elmer Analyst 700 FAAS instrument (Waltham, MA, USA) was used for the determination of Al(III), Cu(II), Co(II), Pb(II), Mn(II), and Fe(III). The analytes were determined under the optimized measurement conditions presented in Table 1 . For pH measurements, a Metrohm 780 pH meter (Herisau, Switzerland) was used. Ultrapure water was obtained using a Milli-Q Water Purification System (Millipore, Bedford, MA, USA). 
Reagents and Solutions
In this study, all chemicals were of analytical reagent grade and used without further purification. Ultra pure water was employed for all dilutions. 
General Preconcentration Procedure
The proposed method was tested with model standard solutions containing analyte ions ( 
Sampling
Hair samples were collected from male subjects who especially work in battery production and soldering in Kocaeli, Turkey. The hair samples (approximately 2 mm) were cut with sterilized stainless steel scissors from the nape of the scalp. All hair samples were sealed in plastic bags prior to analysis. Samples collected were weighed about 1.0 g.
In spring and summer of 2015, the vegetables including potato and tomato were collected from production sites in Adapazarı, Turkey. The vegetables were washed with distilled water, air-dried for 72 h, crushed, passed through a 2 mm mesh sieve and stored at ambient temperature until analysis.
The test samples for cigarettes are brands of commonly smoked in Istanbul. These samples were purchased in packet with seals from a retailer at local market in Bahçelievler, Turkey. The samples were stored in a cool and dry place before analysis.
Digestion Procedures
Hair samples were treated with a 10.0-mL mixture of HNO3 and HClO4 For digestion of the vegetables, from each dried sample, 1.0 g ground fine particles were added to a flask containing concentrated HNO3 (5.0 mL) and concentrated HCl (15.0 mL; aqua regia). The flask was covered with a watch glass and then was allowed to stand for at least 16
h. Afterwards, the mixture was heated gradually and boiled under reflux for 2 h. After cooling and rinsing with 20 mL of ultra pure water, the rinse water was recovered in the digestion flask. After filtration, filtrates were used to make a volume of up to 100 mL using 0.01 mol/L HNO3. The samples were refrigerated in acid-washed polyethylene bottles at 4 o C before final analysis of metal ions.
For cigarettes, sample mineralization with a mixture of HNO3 and H2O2 included the following stages: a) 0.5 g from the sample dried to a constant weight were initially placed in borosilicate test tubes. Then the Teflon collector for removal of the discharged gases was fixed. 6.0 mL HNO3 (65%) were added to each test tube through the openings of the collector, and the heating block was heated to 40 o C for 30 min. Consequently, the temperature was increased to 100 o C.
The temperature was kept constant until the abatement of the reaction.
b) 1.0 mL H2O2 (30%) was added through the collector openings dropwise after cooling, then the thermos block was heated again to 15 o C for 30 min. In case of need, H2O2 addition was continued till the solution was clear enough. Consequently, the solution was quantitatively placed in a measuring flask, which was filled with 0.01 mol/L HNO3 to the 25 mL. Blank digestions were also performed in the same way.
RESULTS and DISCUSSION
Influences of pH
The pH study was performed to find its effect on the degree of metal sorption using the column process and the pH effect was evaluated in the pH range 2.0-10.0 by using different buffer solutions. The effect of pH on the recovery of target metal ions is shown in Figure 1 . The optimum pH value is 8.5 for Cu(II), Co(II), Mn(II), and Fe(III), and 6.5 for Al(III), and Pb(II).
The studies were also carried out at the same pH range without hematoxylin. The recoveries of related metal ions were below 20%. It can be concluded that hematoxylin as a chelating reagent increases the efficiency for preconcentration on Amberlite XAD-16 resin column. 
Effect of Amounts of Hematoxylin
The effect of the amount of hematoxylin on the quantitative recoveries of the metal ions studied was also investigated. 0.2-1. were quantitatively adsorbed. Hence all further studies were performed by using 1.2 mL of 6.0 x 10 -3 mol/L hematoxylin.
Effect of the Type of Elution Solution
The effect of the various eluents on the recoveries of Al(III), Cu(II), Co(II), Pb(II), Mn(II), and Fe(III) ions from the Amberlite XAD-16 resin column was examined by using 8.0 mL of each eluent solution. This volume was determined according to previous studies in the literature and from our experiences. Recoveries obtained with all eluent solutions for each analyte ion are given in Table 2 . According to these results, 8.0 mL of 1.0 mol/L HNO3 in acetone was used as an eluent for further applications. 
Effect of Flow Rate and Sample Volume
The effect of flow rate on the sorption was investigated by varying the flow rate from 1.0 to 10.0 mL/min at optimum conditions. It was observed that the best results were reached at 2.0 mL/min for retention and elution steps.
large sample volumes, the effects of the sample solution volume on the recoveries of the metal ions were also tested in the range of 50-2500 mL. The results are given in Fig. 2 . According to these results, the recoveries of analyte ions were not affected until 2000 mL. Above 2000 mL, the recoveries of the target ions decrease probably owing to the excess analytes loaded over the the column capacity with increasing sample volume. In the light of this result found, preconcentration factor was calculated to be 400 for the analyte ions when the final volume was 5.0 mL. 
Effect of Coexisting Ions
The influences of possible matrix ions on the recoveries of analytes were also examined by a generic procedure. The obtained experimental results are showed in Table 3 . The tolerance limit is defined as the ion concentration inducing a relative error smaller than ± 3% related to the preconcentration and determination of the analyte ions. The results given in Table 2 showed that the existence of high concentrations of some cations and anions has no obvious influence on the metal ions adsorption at optimum conditions.
Total Sorption Capacity
The sorption capacity of the resin is described as the amount of metal adsorbed by 1.0 g of resin. A suitable aliquot of metal ion chelate at appropriate pH value was loaded onto the column filled with 1.0 g of resin. The eluate was determined by FAAS as described in the general procedure until the resin was saturated. This procedure was repeated for each analyte ions. The sorption capacity for each analyte ion on the sorbent was calculated from the difference between the metal ion concentration before and after desorption. The obtained results are presented in Table 4 .
Resin Reusability Study
In order to determine the potential reusability of the resin, the resin was subjected to several adsorption-elution cycles at optimum conditions. Ten runs were performed on the same day and the next ten runs were made the following day. According to the obtained results, a small decrease in the recoveries occured after 50 cycles. The resin could be utilized up to 70 runs in succession without any appreciable loss in the sorption efficiency.
Detection Limits
The detection limits based on the concentration corresponding to three times the standard deviation of blank signal were found to be 0.053 µg/mL for Al(III), 0.08 µg/mL for Cu(II), 0.62 µg/mL for Co(II), 1.31 µg/mL for Pb(II), 0.33 µg/mL for Mn(II) and 0.12 µg/mL for Fe(III) using a synthetic sample volume as blank.
Accuracy of the Results
The accuracy of the proposed method was checked by determination of the metal ions in the certified reference materials, NIES CRM No.13 Human Hair, Virginia Tobaco Leaves (CTA-VTL-in a good agreement with the certified values and is free from interferences of the various constituents.
Application to Real Samples
The presented method was applied to the determination of Al(III), Cu(II), Co(II), Pb(II), Mn(II), and Fe(III) ions in potato, tomato, hair, and cigarette. The results are summarized in Table 6 . Accordingly, relative standard deviations (RSDs) of the method were lower than 8%,
showing that the developed method has good precision for the analysis of trace metal ions studied from different samples. Table 3 . Influences of some foreign ions on the recoveries of metal ions (N=3). Additionally, Pb average concentration in the hair samples was found to be 6.43 ± 0.6 mg/kg and a similar observation (8.67 ± 13.83 mg/kg) were also reported by Li et al. in case of lead content for the scalp hair of residents living in the mining areas in China [16] . Moreover this value is higher than Pb levels of another study (≤ 4.60 ± 0.57 mg/kg) based on ETAAS in literature [17] . Consequently, these results obtained for lead determination show that people in the battery and soldering work areas are more susceptible to lead pollution and thus, it should be paid more attention to the monitoring of their lead levels.
Recovery (%)
Cigarette samples presented the highest Al, Cu, Mn, and Fe values according to other samples, while they gave the lowest Pb value. These results are almost comparable with some studies done in literature [18] [19] [20] . Comparison with the other SPE methods
The new method was compared with other SPE methods based on Amberlite XAD resins in terms of preconcentration factor, limit of detection, sorption capacity, and relative standard deviation ( Table 7) . The preconcentration factor of the analyte ions is superior to those of SPE methods described in Table 7 . The obtained results related to sorption capacity, LOD and RSD are also comparable to those of other preconcentration studies in Table 7 . 
